, respectively, whereas the highest concentration of each compound in outlet water was in samples collected first after treatment in 2005 and 2006. Both chemicals dissipated rapidly in all the soil-water environments but displayed no important differences among the three management systems. In conclusion, propanil and 3,4 DCA did not persist longer in paddy fields. A risk of water network contamination by these compounds may occur only early after herbicide spraying. A water-holding period after herbicide spraying may reduce this risk.
Dissipation of Propanil and 3,4 Dichloroaniline in Three Different Rice Management Systems
Marco Milan,* Francesco Vidotto, Serenella Piano, Michèle Negre, and Aldo Ferrero P ropanil (3¢,4¢-dichloropropionanilide) is a contact herbicide used postemergence in rice (Oryza sativa L.) to control barnyardgrass (Echinochloa spp.) and several other grass and broad-leaved weeds. It has also been mixed with other active ingredients and used on wheat (Triticum aestivum L.), citrus, and potato (Solanum tuberosum L.) crops (Kamrin, 1997) . In rice, it is applied as a foliar spray 24 h before flooding at a rate of 2.5 to 6 kg ha −1 (BCPC, 1997) . Propanil continues to be widely applied in rice cultivation throughout many countries because of its high efficacy against weeds during the late growth stages and its high crop selectivity (Ferrero and Vidotto, 2010) . In Italy, it was introduced in 1960 and used until 2010 when it was excluded from Annex I of Directive 91/414/EEC and together with its main metabolite, 3,4 dichloroaniline (3,4 DCA), deemed a threat to groundwaters (Albanis et al., 1998; Ebise et al., 1993; Guzzella et al., 2006; Marchesan et al., 2007; Nagafuchi et al., 1994; Nakamura, 1993; Raviola et al., 2010; Terrando and Balsotti, 2009; Ueji and Inao, 2001) . Pothuluri et al. (1991) detailed the toxicology, metabolism, and fate of propanil in soil and water. Others researchers documented that propanil forms 3,4 DCA through enzymatic cleaving in plants ( Adachi et al., 1966; Frear and Still, 1968) , paddy field flooding waters (Deuel et al., 1977) , and soils (Bartha, 1968; Bartha and Pramer, 1967; Bartha et al., 1968) . A number of microorganisms, such as Pseudomonas spp., Fusarium solani, Athrobacter spp., Nocardia spp., and Consortia spp., have been shown to degrade propanil by microbial peroxidizes (Pothuluri et al., 1991) to the by-product 3,3¢,4,4¢ tetrachloroazobenzene (TCAB) (Carey et al., 1980; Chisaka and Kearney, 1970; Pothuluri et al., 1991; Sprott and Corke, 1971) . Other phenylamide pesticides, such as linuron, diuron, and monuron (Dalton et al., 1966; El Dib and Aly, 1976c) , also degrade to produce 3,4 DCA formation. However, because 3,4 DCA largely binds to soil particles, it is not readily available for microorganism or plant uptake (Bartha, 1968; Chisaka and Kearney, 1970; Pothuluri et al., 1991) .
Given that its presence is limited by DCA availability, excess DCA becomes available for TCAB formation only after all available binding sites are saturated with DCA molecule. As
